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TtR ptilenli with bronchial afthma and Ita control 
fobjfctB were exposed! to sidestrtaa dsarcnt snokt 
(passive smoking) for one boar la aa eoWronaientil 
cbimber. AH subjects showed the same increase ia car^ 
box}ihemogloWa as a fcsall of the exposure: 040 per* 
cent The asthmatic froop demonstriied ai dgoldfiant 
;4toear decrease la palmoBary faactioa dasiac ibis aak 
ifoeaia^ After ooe boar of smobi^ nys diemstd 214 
yrceat ^ FEF25*75% decreased 10*2 perctaC* aad JFYG 

evidence regarding dgarette smoke expo- 
^ sure producing pulmonary changes leading to 
bronchospasm In asthmatic patients is only anec^ 
dotal. Speer^ reported results of an investigation 
nsing a questionnaire given to aDergic and nonal^ 
lergic patients detailing their reactions to dgarette 
smoke. When exposed to passive sxnoldng condi^ 
* tions, the allergic; nonsmoking subjects reported a 
greater inddence of eye irritation, nasal symptoms, 
cough, wbeering, sore throat, and hoarseness than 
did the nonallergi^ nonsmoking subjects. The avail¬ 
able data $uggest an increased sezuitivity of patients 
with bronjchial asthma to dgarette smoke; bwever, 
there is currently no ob]>cti%^e infonnatibn to sup¬ 
port the subjective data of Speer.^ 

Passive smoking, the inhalation by nonsmokers of 
the combusdon products of dgarettes from side¬ 
stream smoke and exhaled^ smoke, is a common form 
of indoor air pollution. Long-term passive exposure 
Af both aduhs^ and diildren’ to dgarette smoke can 
.^lead to a dgmfiotnt reduction In the function Ibf 
4^:sinaII air\s*a>< However, if any group would be at 
immediate risk from dgarette exposures, it would 
be one whose members have an irritable airway. 
This report concerns the acute pulmonary responses 
of bronchial asthmatic patients and control sub¬ 
jects in a passive smoking environment These ex¬ 
periments were carried out in an attempt to de¬ 
termine whether a factual basis exists for the 
anecdotal and subjective information reported by 
SpeerV regarding bronchial asthmatic patients. 

*From th« Departments of Pkystolosy and Internal Mtdicme, 
St Louis University School of Medicine. St. Louis. 

Repnn/ re,founts; Or. Slavin. Jntgmal Utdicin^/AiUrOf, 
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4tcrtaicd 204 percen t bi Ibe nsthiMlk patkaff Tbese 
alltraUoas were rcadBy rtvmibit In all subjecli wbca 
given Inhalitloiit of netaprolertnol followliif Cbe cx* 
pDfure. Tbt control snbjecti showed no ebangt in pnb 
aiottney fPnelion wbta exposed lo identfcal condltfoiw 
!Tbest data show fbnt nonsmoktsB wlib bioodiial nstbnn I 
risk wbtn exposed to sldcstrcnm ciprtitt teoke 
In na eavlroiuntntal chtnihtr. 


Mctbods 

To determine more objectively the tffecte of pusivt nok^ 
log on persons who have a leact^ve s«piratoiy tract tea 
patients with brondriil asduni and ten control subjects were 
exposed to mechanically produced dgarette smoke ia aa 
onvironmeotd i chamber. The control subjecti were healthy, 
nonsmoking men and %iromen 14 to S3 yeare old, who volun¬ 
teered! from the medicili eommnnity. Five of the control 
subjects emnplained of general' Uritabdity when exposed to 
passive snokbig environment!. Nonsmoking asthmatic snb- 
jecti, recruited from the St Louis Vaiverdty Hospital Allerfy 
Qinie, were nwn and women ranging in age from 18 to 26 
years. Five of the asthmatic patients were included bteause 
they repo r ted specific complaints when exposed to dgarette 
CBmke; the remaining asthmatic patients were reemited at 
rarxIonL AH suhjeett were fully ihfbnned, and the foideliM 
of informed consent were followed. 

AH asthmatic subjects had! a previous medical history of 
hnonchospasm and a positive methicholine challenge test A 
positive methacholine test consisted of at least 20 percent fall 
in F£V^ as a result of tnlialing a nebulized aoliitiOB of 25 
mg/ml or lest of methachoUnc A grided mctbachoUnt 
challenge test* was carried out at least one week before the 
moke exposure on only the aithsatie subjeeta ;V 

The general protocol consisted of an initial history and 
physical examination of the lubiects to ensure that the 
subjects were ai>inptom3tie. The asthmatie subjects contin- 
ned taking their medication but refrairwd from using any 
bmnchodilatori for four hours before the experifnent Then 
the preexposure blood sample was drawn for carboxyhemo- 
glbbio ( COHbI analysis. Ihe subjects entered the chamber, 
and the control pulmonary function tests were performed 
after 15 minutes. The smoke generator was started, and at 15- 
minute intervali the pulmonary tests were repeatcid. Sihee all 
ol the testing was carried out in the chambet, the euhjects 
remained in the chamber for the entire 60 ptinute s ol the 
exposure. After the final pulmonary function tests at 60 
minotes. a second blood sample wu collected fw COHb 
analysis. 

The environmental chamlrer used was 30 »• te volume, 
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with precise humidity, tempermture, air flow, and air tnnsover 
control enabling control over the exposure eDvironmeot Otb^ 
eooditioiii used were a temperature of 2X itlativc 
humidity of 50 percent and aa air turnover of once every 12 
niiimtes. The smobe was produced from ciprettes (15 mg of 
tar and 0.15 mg of nicotine) moked widb a O^ml |mff 
volume at one cycle per ndnnte to a butt length of 30 mm. 
The pasifvf smoke ooocentrabon was estimated htm the rmfie 
of productioci of carbon monoxide (CO) and particulates in 
combination with the room volumt and the air turnover 
The room levels of CO were eonfinned by the increase 
in COHb of each of the lubjecta Preezposure i and poctex- 
posnrt venous blood samples were drawn, axsd the tenoglo- 
bin and CO content of the samples were predsefy deter- 
minedi^ AD scbjects averaged an inemse of 0j40 pertent 
COHb during the exposuit, udtidb, according to d!ie model of 
Jones and ! Fagen* dmwed that the environmental i CO con* 
centration I averaged between 15 and 2D ppm over the 60* 
minute exposure. The particulate matter in the atmoepbert of 
die chamW was probably Its than wbat would be expeceni, 
owing to the predpitating action of the drcolatini Cans and 
the refrigeration ooili In the chamber. No measuxexncnl of 
particulate matter wu made. 

* The asthmatic patients were given OMtaprotetenol (Ahi* 
pent) from an inhaler immediately loDowinf the postexpo- 
fort blood sample and were resnovtd from tbe dmmber. 
Fifteen minutes later pulmonary hinction tests were to* 
petted. 

All pulmonary functiofi tests were perfonned on a water* 
Its spirumeter (Jones-Pulmosior). Only Chme panmeteis 
were assessed: foi^ vital eapidty, FVC; forced expiratory 
volume after 1 stoDiid, flCV,; and mean forced esptratory 
iow during the middle ball of tbe FVC. F£F2S-75L At each 
measurement period three repetitions were canted out and 
the highest vdiies-were used in the analyses.* A simple 
i^irometrie test was chosen to minimize the teterfertnoe of 
die testing procedure with the potentiai physiobgic changes 
due to the cigarette snoke. AD of the petienti had become 
thoroughly familiar with i the appiretiis during routfoc testfof 
In the clinic, which reduced to a minimum problems with 


patient compliaoce and task learning. 

AD data were analyzed via analysis of variance, and 
signifleanee for etch parameter at any given time was deter* 
mined via Tukey's e tat Levels of significance were deter* 
mined as a result of smoke exposure by using-a with!ii'gmup 
design; asthmatic values during smoke exposure were eom* 
pared widi asthmatic oontro) values (paired analyiis}. 
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teles. 

Tbe decrease In FEF25«7SS may have been due 
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X>umtbn of Pasnvt Smoke Expnetirt 


15 min I After 

Ttet 

0 

15 min 

10 min 

45 min 

60 mitt 

Bronehodilaror 

JVC 

Cbntrol group 
% Change 
Asthmatic group 
% Change 

4,490 (:t39t) 

4.S95(±100) 

4,U0(±204) 

44 

2,132 ( ±185) 
-7.45t 

4,430(±390) 

0 

1005(1130) 

-10.31 

4,520 (±303): 
0.9 

2,220 (±192) 
>1423 

4,530(1392) 

0.3 

Z715 (1317) 

- 2 aot 

34475 (1854) 
•hX4 

ravi 

Contra group 
% Change 
Aithmatie group 
% Change 

soffits (±223) 

M7»(±173) 

3,765 ( $304) 
13 

1235 (±176) 
-86 

3.735(1133) 

47 

2.190(1172) 

-12.3t 

3i735(1135) 

4:7 

2,060(1108) 

1741 

3,815 < 1304V 
54 

1.355 (1175) 
-21.48 

2,336(1231) 

-5.6 

FEF25*T5«^ 

Control group 
% Change 
Asthmaiie group 
% Change 

4J» (±42) 

142 (±44) 

4.U (±^) 
0.5 

1.77 ( ±J6) 
10.3 

*4.15 (140) 
14 

1.74(146) 

-loot 

4.16 (140) 
1.7 

1.64(148) 

-li.4t 

4.U<141) 

2L3 

141 (146 V 
-1328 

2:03 <1.341 


^VaJues iKiven are ± SC3L AD valuta in asthmatic group art Agniflcantly different Dom control values at all ImeasureiDeni periods 
VP<0.01). 

tyaJues simifieantly different fmm preexpoeure (? <0.()S). 
tValues tigniflrantly different from preexposure IP <0.01). 
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Table De^ptitm mrU Pnlmeiieiy f snetfon Fmlumt Bkfm tMpwmrm te Fwivee 




Ace 

Rnnft. yt 

VC 

FEVi 

FEm.7S% 

Group 

X 

Mrm %Pred 

3[e»n %?rtd 

Mena 

. 

Control wbieett 

10 

24^3 

4,490 03.0 

±201 

1,625 ns 

±222 

4:00 

±0.05 

104J 

Astliinnlie pntit&ta . 

10 

1640 

l.305t 702 

±100 

2.4T5t 73.7 

±173 

tO.34 

BIS 


"Values ± SE^L 

tValus iiic&ificutlj diiTerent from mtroli at F <0i05. 


In pm to decreases in long volume, since FVC subj^vt degree of jye ead nasal lislUt^ 

also fell However, on an individuatby-individual ^Bodi die eontrol nd es^nalle gm^ i ncre Si arf 

basis, tbe changes in F£F25*75S did not correlate In 4 dieir COHb concentntions to die same ertent as a 

dbesokof dm cxpositfe 3)-*^ eontrol group*! 


aO cases with a decrease in FVC. For example, die 
dO^mtnute exposure values of FVC in two of the 
asthmatic subjects fell 36 percent and 22 percent, 
bnt their respective FEF25»752 fell only 4 percent 
and 6 percent However, the three largest respond* 
ers In FEF25-75S^ 44. and 25 percent^ also had FVC 
decreases of 33. U and 24 percent reflectively. Two 
of the subjects bad greater percentage decreases in 
FEF25»75S than in FVC. the inverse of the other 
eight subjects. Therefore, not all subject showed die 
same pattern of pulmonary responses to the smoke 
exposure. 

The asthmatic lubjms* preexposure pulmonary 
function values were considerably lower than those 
values of the eontrol subjecto (Table 2). The aver^ 
age values for the asthmatic subjects also were less 
than the predicted normal values’ for the measure¬ 
ments used in the study: FVC^ 79,2 percent; FEVi. 
73.7 pment; and FEF25«75S. SL5 percent of pre¬ 
dicted, This is in contrast to the control subjects, 
whose values an were within 93 to 104 percent of 
predicted value! Therefore^ dm decreases in polxnp- 
«axy function in the asthmitie subjects as a vesult’bf 
ibe passim snxikiDg presented lurdier lidt lo alrea^ 
mompromised respiratory systemf^ne asthmatic pa¬ 
tient had an audible wheeze at 60 minutes of expo¬ 
sure. 

FoDowing the exposure to the pasnve smoking 
conditions; the asthmatic patients were given meta- 
protereno] via an inhaler. Fifteen minutes later the 
pulmonary function tests were performed. Two of 
the asthmatic subjects improved with the bronehodi^ 
lator but did not return to their preexposore status; 
however, the remaining asthmatic patients returned 
to baseline or above: The subjects who did not 
return to baseline had the grmest decreases In 
FEVi and FVC and were among the hi^iest re¬ 
sponders in F£F25*75S. The group responses show^ 
ing a return to baseline values are shown in Table 
1. 

All subjects, control and asdunadc; fneuned ^ 


COHb increased 0.43 percent, from 0.62 percent to 
105 percent (P < 0.01). and the asthmatio group 
increased 0.38 percent 0.S2 to L20 percent (P 
< 0.01). There was no stadstiqsl difference in the 
elevatibD in COHb between tbe groups, suggesting 
identical exposure for each group; There was also no 
selationihip found between the sffght differences In 
individual increments in COHb and thdr coxre- 
spending decrements in pulmonary luncticm. 

Tbe methacholine ehillenge test results indicate 
that this group of asdunatic patients was moderately 
sensitive to mkhacholine. Five of the asthmatic sub¬ 
jects respond^ with a 20 percent decrease in FEVt 
(threshold criterion) with the bwest dose of 0.075 
mg/ml in dbe nebulizer, one responded at 0.15 
mg/ml, two It 0 j62 mg/ml, and two at ll25 mg/mL 
Tbe dose required for confinnatfon of asthma it 25 
mg/rnl. a value considerably above that for anyone 
in this group of asthmatic patients. No significant 
relationships were found between methacholine sen* 
dtMty and pulmonary response, primarily because 
of tbe small size of the sample. Seven of the subjects 
show such a relationship, but the inclusion of die 
other three skew the data and remove any signifi¬ 
cance. 

Discussion 

evidence from this Invesrigition deariy dem¬ 
onstrates that passivdy cncountmd dgarette 
produces an berease b airway resiitaoce in patbnts^ 


TaU. 3— /nefMMr. Im Cmri»trrh*mo$IMm m.m 
K*$uU of Cx/tMurt Q$»rHU Smxkx* 


Croup 

Prtexpoaure 

% COHb at 60 Inertase. 
min of Ejcpoiiifo % 

Control tubjtctt 

0.62% ±9.08 

1.061 ±^08 

0.43 

Asthmatic paticRU 0.82^ ±0.10' 

120t±009 

0.38 


*Vftluci ± SEMi 

tVaJin. ticnifiaattjr different from ptwxpoMiic .sIim. wVte 
F<0j01. 
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bron^iial asduiuir^^ Id xesistance 

yu dcnxmstrated fay > dpiificint decreaie fai both 
S^t tnd FEF2S75S after 30 iDinutes of cxpoim 
w die dgaretle moke. The decreeie in polznotutzy 
IKmedoa wis linear ever die 5Q-infatnte ctporure, 
-%eadiiti{ a total deqeaaent ef app ra ri maldy ID per^ 
jfaeiit of control valoet In a& jparaeu^^ at 80 min^ 
:«tes. The Idesdeat tmdidoor podui^ 
able effecti in centn! inbfecti 

In an attempt to explain these resultl* oompari* 
sons can only be made with the effects dt active 
smokiDg. sioce so little information is available re* 
garding acute physiologic responses to passive smok¬ 
ing. The difference between die two conditions 
might be one merely of degree^ smoke concentra¬ 
tion. Nadel and Coxnroe^* demonstrated that air¬ 
way resistance increased immediately when healthy 
subjects smoked a sinj^e cigarette. This brondia- 
* constriction was thought to be due to a reflex ixd- 
tiated by the particulate matter in die imoke.^*^^ 
The increase in airway resistance seen in die asth^ 
snatic subjects in this study required 30 minutes of 
inhalation of the diluted lidesteam smoke to pro¬ 
duce significant decrements in the pulmonary pa- 
rameten used to assess airway resistance. When a 
cigarette is burned under the conditions used in 
these experiments, the sidestream smoke will contain 
more than three times the particulate mass of die 
mainstream smoke. The mainstream smoke inhaled 
in active smoking is diluted in only the tidal volume 
before reaching the airways, whereas the sidestream 
smoke particles are diluted in the volume of the 
entire room. This results In a l(F-fold difference in 
the inbaledjpaxticulate concentration between active 
smoking and passive smoking. If die particulate 
matter were the stimulus for the responses seen in 
die asthmatic suhjecu, their airways would have to 
be considerably more sensitive to particulates than 
the controls. 

The bronchoconstriction resulting from the active 
smoking of one dgorette in healthy nonsmoken is 
thought to be a rtflcx*^*“ mediated via particulates 
ftunuliiting parasympathetic pathways. Bronchial 
asthmatic patients axe characterized by hyperactivi¬ 
ty of the bronchi to various stimuli teiulting tti 
increased airway resistance that is manifested in die 
extreme as paro.xysmal and reversible wheezing^ and 
dyspnea. The specific mechanisms that can lead to 
bronchial asthma are unknown, but several factors 
can definitely cause a significant increase In airway 
resistance in asthmatic patients. Ixihaled aerosols ol 
histamine, acetylcholine, methacboline. and dust 
partides; cause much greater brondiocoxistriction in 
asthmatic patients than in normal subjects.^ Asth¬ 
matics with their obstructive type of ventilatoxy 


function have been found to have a larger than 
normal intrapulmonaty deporition of inhaled partic¬ 
ulates, and the range of sites of depositionis shifted 
proximally.^^ Therefore, the asthmatic subjects 
probably responded to the passive smoke because 
they had an increased sensitivity of bronchiolar re¬ 
ceptors and perhaps a greater number of partides 
deposited on the hypersensitive airways. 

Although particulates have been implictted^^^ 
as the primary stimulus, the gaseous phase esumot be 
completely ruled out as a possible causative agent in 
the response of die airways in the bronchial asthmii- 
ic patients to passive smoldng 

The effects reported here were not influenced by 
the maxinud inspiratory and expiratory maneuvers 
used in the testing procedure; llie subjects, control 
and asthmatic groups, repeated die FVC xnaneuven 
three times with a 15- to 30-second interval between 
mineuvers. If any of these influences had played a 
role, a definite order effect would have been seen in 
the FEVi and FEF25-755 values. Ko order effect 
was seen, suggesting that deep inspiration and cxp!«* 
ration had no effect on the r^ts of this inveitiga- 
tiom 

We were not able to esdnde die possibility that 
these changes in pulmonary function were emotion¬ 
ally related to dgarette smoke. Horton et al^ have 
shown a high correlation between emotional re¬ 
poses in specific airway conductance and sensitivi¬ 
ty to methacboline or histamine; The emotional re¬ 
sponse described by Horton et was manifested 
immediately, whereas die subjects exposed to the 
sidestream dgarette smoke in &e present study did 
not show a significant diange in airway resistance 
until 30 minutes of exposure. Although an emotibnal 
component could have been present, increasing widi 
duration of exposure, the portion of the response 
due to exnotiott cannot be determined] Also the 
range of mediachoUne •oasttivi^ in die asdimatic . 
patients in this stndy who specifically complained of 
dgarette smoke imtation was quite large, te, it was 
not the subjects most senritive to the methacboline 
who felt particulariy bothered by the smoke. 

The exposure* eonditioni were representative of 
moderate environments, and all the asthmatic sub^ 
jects felt that they had been exposed to dmilar jTC 
environmental conditions in their lives. However, O 
many asthmatic patients avoid such situations. The fO 
atmospheric carbon monoxide concentration range CO 
of 15 to 20 ppm is within the rang e_of ho miy aver- CO 
ages rtpoited^*^" for taverns and d^iSubs of 3 to ^ 
29 ppm. Some hourly averages for such locations ^ 
cmasionany reached 36 to 42 ppia The air tunioT^ W 
in die environmental chamber used for these expe ri - ^ 
ments is similar to diat found in and recommended 
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for various eDvironmeuts.** 

^ 5-46101 exposure to enviionineDtal dgaxe^ 
results iu changes fa jwltnonary InnctiDatjrf 
lohers suggestive o( wiH ahwey 
' niese effects. bowever,.were measured after a min* 
fauun of 20'years (ff exposure of the subjects to a 
smolcey eavirODment The |Msrive.saMldn|^>didD* 
^lent Buy pose e inm imm^iate^AresS^peigiBs 
e reactive respiratory itacL la 1974 it was 
reconunendNl that leacdve persons fa the popula* 
tion be studied because adverse effects of environ* 
mental tobacco smoke may occur at very low con* 
centsations among atopic patients and persons who 
otherwise have a Teacti<ve respiratory tract** The 
IfMolb of dds faitial fawestiption fadicate diat ppk* 

'dgateM 

Aronow** recently reported that under con* 
didons of acute expomre to smoker some angfaa 
patients are also at additional risk of suffering an* 
^‘wal attacks. It is still to be determined to what 
extent these results can be generalixed to the entire 
gii^ps of pec^Ie with these chronic dis ease s. 
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